injected into turbulent pipe Plow of a Newtonian fluid, were performed in order to determine whether the presence of the additive only in the wall region could produce significant local shear stress reduction. It was Pound that the local pressure gradient could be reduced by an amount comparable to the flow of a uniform concentration when the fluid was injected in the wall region. Conversely, when the fluid was injected into the turbulent core no reduction in local pressure gradient occurred until the fluid diffused into the wall region. The effects of the injection flow process and the injection apparatus were evaluated and found to be small compared to the results of injection of the drag-reducing fluid.
INTRODUCTION
This paper describes an experiment to determine whether local injection of very dilute solutions of drag-reducing additives (Toms effect 1j2) into a turbulent shear flow causes significant viscous drag reduction.
In particular, the physical reasoning that the significant changes in the turbulent shear layer occur in the viscous sublayer region, as shown by recent studies 3-7 , was to be tested by injec-Llon both at the wall and in the turbulent core. The effects of the injection process itself were known to cause some drag reduca tion , and they were taken into account through additional experiments.
Although recent advances have been made in the explanation of the drag redllction mechanism of dilute polymer solutions 9-il a complete theory which would predict the effect based on molecular characteristics has not been achieved. An empirical correlation which satisfactorily predicts the reduction in wall friction has been accomplished, based on observations of a thickened viscous sublayer and no change in the mixing length distribution ror 5 very dilute solutions . In order to obtain a theoretical description of the process, the energy budget through the shear layer must be determined, as was done by Laufer 12 for Newtonian fluids. Since the viscous sublayer plays what seems to be a controlling role in the energy budget of drag-reducing fluids, it is important to determine the effects of the additive in the sublayer, while it is absent from the turbulent core, and vice versa. That was the primary purpose of these experiments; although, the practical benefits of demonstrating significant drag reduction by putting additive in only a small portion of the total shear flow were not to be ignored. The data for injection of P-295 at the wall is shown in Fig. 8 . For this much more effective additive there is also a significant reduction in f, with a maximum reduction of about 55 percent. This compares with a maximum reduction of about 35 percent predicted from the correlation for a uniform concentration.
(There is no question about the Reynolds number here, since the P-295 solution has almost the same viscosity as water). The friction factor far downstream is also reduced more than would be predicted by assuming complete diffusion. !I!he predicted reduction in f far downstream is about one percent for the maximum injection rate. Therefore, the vail effect of the drag-reducing fluid is also shown for this very effective fluid.
CONCLUSIONS
The following conclusions can be stated, based on the experimental observations:
1. The effects of the injection apparatus on the local pressure gradient are small compared to the drag-reduction effects. Information' receiving limited distribution because of preliminary data;becurity classification, or other reasons.
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